Wild aquatic birds are considered to be the natural reservoir for influenza A viruses, and previous studies have focused mainly on species in the orders Anseriformes and Charadriiformes. In this study, we surveyed a larger spectrum of potential hosts belonging to 10 avian orders. Cloacal swabs (n51,044) from 72 free-living bird species, were analysed by reverse transcription-polymerase chain reaction for the presence of avian influenza virus. Only two Mediterranean Gulls (Larus melanocephalus) tested positive; one of these viruses was identified as an H9N2 subtype. The absence of infection among passerine birds supports the idea that the prevalence of avian influenza virus infection in terrestrial species is low.
Wild aquatic birds in the orders Anseriformes (ducks, geese, and swans) and Charadriiformes (gulls, terns, and waders) are traditionally considered as natural hosts for most avian influenza viruses (AIV; Webster et al., 1992) . Although AIV have been isolated from other wild bird species (Olsen et al., 2006) , less attention has been devoted to species in other avian orders. Consequently, the role of many avian species as potential hosts for AIV is unknown.
The Camargue area is an alluvial wetland covering some 140,000 ha in the Rhô ne delta in the south of France, and it is at the crossroads of numerous migratory routes of Palaearctic birds (Blondel and Isenmann, 1981; Berthold, 2001) . Therefore, the Camargue is considered as a high-risk area for the introduction and transmission of diseases transmitted by wild avian species, such as West Nile virus (Jourdain et al., 2007b) and AIV. The risk of virus introduction by birds from subSaharan Africa into Western Europe is highest during spring migration between March and June (Jourdain et al., 2007a) . The aim of this study was to investigate the prevalence of AIV infection in a large diversity of avian hosts during spring migration.
From mid-March to late June 2006, different bird species were trapped using mist nets. Nets were placed in bushes located a few hundred meters behind the Pié manson beach, southeast of Salins de Giraud (Arles, France), in an attempt to capture migratory birds immediately after their crossing of the Mediterranean Sea. Cloacal swabs were used to collect fecal samples, except for passerines; due to their small size, we collected samples of fresh droppings to avoid injury. For Ciconiiformes (herons and egrets) and Phoenicopteriformes (greater flamingo [Phoenicopterus ruber]), cloacal swabs were collected from chicks in breeding colonies. For gulls, fresh dropping samples were collected near nests.
Cloacal swabs were collected using the Viral Pack kit (Biomedics, S.L., Madrid, Spain) and kept at 4 C until they were transported back to the laboratory and kept at -80 C until RNA extraction was performed. Automatic RNA extraction was performed using the BioRobot MDx workstation and QIAamp Virus BioRobot MDX kit (QIAGEN GmbH, Hilden, Germany) according to the manufacturer's instructions. The presence of AIV was first detected by reverse transcription-polymerase chain reaction (RT-PCR) targeting -39 (Fouchier et al., 2000) . Cycling conditions included a reverse transcription step for 30 min at 45 C, 15 min at 55 C, and 2 min at 94 C; PCR reaction was performed during five cycles, including 15 sec at 94 C, 30 sec at 45 C, and 30 sec at 72 C and during 35 cycles for 15 sec at 94 C, 30 sec at 55 C, and 30 sec (plus 2 sec per cycle) at 72 C. The RT-PCR amplification products were analyzed by 1% agarose gel electrophoresis with ethidium bromide staining.
To confirm RT-PCR results, positive and weakly positive samples were tested again by real-time quantitative RT-PCR (RT-qPCR) using the same primers as for RT-PCR with a specific hydrolysis probe, 59-(Fam)GCT AAA GAC AAG ACC AAT CCT GTC ACC TCT G(Tamra)-39 (Sigma-Proligo, Saint-Quentin, Fallavier, France), for the AIV matrix gene. LightCycler RT-qPCR was carried out using the LightCycler RNA amplification kit for probe hybridization (Roche Biochemicals, Basel, Switzerland). Amplification and detection were performed on a LightCycler 1.5 (Roche Biochemicals) after one cycle of reverse transcription (55 C, 15 min; 95 C, 2 min) and 45 cycles of amplification (95 C, 10 sec; 58 C, 30 sec). The RT-qPCR results were analyzed by LightCycler 3.0 software (Roche Biochemicals). Positive samples were subtyped at the Institut Pasteur (Paris, France), using a SYBR Green-based RT-qPCR technique. For the H5, an RT-qPCR was performed on a LightCycler 1.5 using primers H5/+/1544, 59-CCG CAG TAT TCA GAA GAA GC-39 and H5/-/1683, 59-AGA CCA GCT ACC ATG ATT GC-39 and the specific probe H5/probe/1638-1662, 59-(Fam) AGT GCT AGG GAA CTC GCC ACT GTA G (Tamra)-39 following reaction conditions mentioned above.
Fecal samples were collected and tested from 1,044 free-living birds representing 72 species, 30 families, and 10 orders (Table 1) . Passerine birds (n5621) represent 59.5% of our total sampling. Of the 25 samples found positive by the initial RT-PCR, only two fecal samples from Mediterranean Gulls (Larus melanocephalus) were confirmed positive by RT-qPCR. Prevalence for this species reached 3% (n567); 2% when all Charadriiformes' samples (n5102) or gull samples (n596) were considered. The prevalence of AIV detected in gulls is comparable with recent data found in the literature for Eurasian species (Fouchier et al., 2003) and to prevalence estimates from numerous studies reporting AIV isolations from gulls and terns from 1974 to 1984 from Eurasia, North, America, and Australia (Stallknecht and Shane, 1988) . Based on a summary from all published reports of AIV isolations from gulls worldwide, a prevalence of 1.4% was reported (Olsen et al., 2006) . In gulls, AIVs are divided into American and Eurasian lineages, and some specific subtypes, such as the H13 and H16, are thought to be associated with a gull reservoir (Fouchier et al., 2005; Olsen et al., 2006) . Molecular subtyping of hemagglutinin and neuraminidase revealed that the virus from one of the two positive gull samples is H9N2, whereas the H5N1 and H5N2 subtypes were formally excluded for the other sample. The H9 AIV has been isolated in wild ducks throughout the world. However, for gulls, the only available report of H9 viruses is from the Americas (Obenauer et al., 2006) , but these were not of the N2 subtype. Influenza A H9N2 viruses have been detected worldwide in poultry, and they currently are endemic in poultry in Asia Xu et al., 2007) . Cases of H9N2 influenza virus infection in humans in this area have also been reported since 1999 (Peiris et al., 1999) . Our results support a circulation of H9N2 AIV in Mediterranean Charadriiformes, although more investigations are required to better understand the AIV infection level for Palaearctic species.
Gulls breed in colonies located on small islands in salt marsh areas. Although it is possible that these habitats may be less favorable for environmental transmission via water than freshwater habitats (Stallknecht et al., 1990) , this may be offset by a high contact rate. Like gulls, Ciconiiformes, and Phoenicopteriformes breed in colonies, with adults and juveniles crowded in small areas, this creates good opportunities for viral transmission. The absence of positive detection of AIV is of particular value, because very few data are available for these orders.
Prevalence of AIV infections in passerine birds is known to be particularly low (Fouchier et al., 2003; Morishita et al., 1999; Schnebel et al., 2005) . Although our results support these observations, further data should be collected on a larger number of species and individuals, and at other periods of the year to more fully understand the ecology of AIV in Passeriformes.
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